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A cardiac stimulation device comprising: 
% first pair of electrodes configured for placement internally in a patient and 
in operable association with the patient's heart; 

current source operably associated with the first pair of electrodes and 
configured to produce a current therebetween; 

second pair of electrodes configured for placement internally in a patient 
perable association with the patient's heart, at least one of the electrodes 



a 

and in c 



of the se£&nd pair of electrodes being configured for placement in association with 



the leff aidb of thepatient's heart; 

<)ltage measuring circuit operably associated with the second pair of 
elecffod^s and configured to measure a voltage therebetween responsive to the 
current produced by the current source; 

ar impedance measuring circuit configured for measuring impedance as a 
function of the current produced by the current source and the voltage measured 
by the voltage measuring circuit; and 

a s timulation circuit associated with the impedance measuring circuit and 
configured to stimulate the patient's heart as a function of the measured 
impedance. 

2. 1 The cardiac stimulation device of claim 1, wherein the at least one 
electrode or the second pair of electrodes comprises an electrode associated with 
the left ventricle. 
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1. The cardiac stimulation device of claim 1, wherein the at least one 
electrode of the second pair of electrodes comprises an electrode associated with 
the left atrium. 

The cardiac stimulation device of claim 1, wherein electrodes of the 
second jkir of electrodes each comprise a left side heart electrode. 

5. \ The cardiac stimulation device of claim 4, wherein one of the left side 
des comprises an electrode associated with the left atrium, and the 
left side heart electrodes comprises an electrode associated with the 




6. 

electrodes 
7. 

electrodes 
8. 

second pair 



second pair 



The cardiac stimulation device of claim 4, wherein each of the 
'the second pair are associated with the left atrium. 

The cardiac stimulation device of claim 4 5 wherein each of the 
'the second pair are associated with the left ventricle. 

The cardiac stimulation device of claim 1, wherein the first and 
of electrodes have no electrodes in common. 

The cardiac stimulation device of claim 1, wherein the first and 
)f electrodes share at least one common electrode. 
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The cardiac stimulation device of claim 1, wherein the device 



comprise s an implantable device. 

11. An implantable cardiac impedance measuring device comprising: 
moans for providing an electrical current between a first pair of electrodes 

that are o mfigured for placement internally in a patient and in operable association 
with the p atient ' s heart; 

me ms for measuring a voltage, responsive to the electrical current, between 
a second p air of electrodes that are configured for placement internally of a patient 
and in ope: able association with the patient's heart; 

meatis pop^calculating, from the electrical current and a corresponding 
measured wmajge, an impedance; and 

switdh means for programmably selecting at least one electrode of the first 
and second pair of electrodes so that the at least one electrode comprises a left side 
heart electro ie, the switch means enabling an impedance to be calculated that is 
associated wi th the patient's left side heart. 

12. The implantable cardiac impedance measuring device of claim 11 
further comprising stimulation means for electrically stimulating a patient's. heart 
as a function qf the impedance. 

13. The implantable cardiac impedance measuring device of claim 11, 
wherein the switch means can be programmed to select multiple electrodes of the 
first and second pair of electrodes to comprise left side heart electrodes. 
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I. The implantable cardiac impedance measuring device of claim 11, 
the switch means can be programmed to select all electrodes of the first 
d pair of electrodes to comprise left side heart electrodes. 
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15. \ The implantable cardiac impedance measuring device of claim 11, 
wherein the at least one electrode comprises a left ventricular electrode. 

16. 1 The implantable cardiac impedance measuring device of claim 11, 
wherein the pt least one electrode comprises a left atrial electrode. 

ITU | \A. cardiac stimulation device comprising: 
one 01} more computer-readable media; 
one on more processors; and 

instructions embodied on the one or more computer-readable media which, 
when executed by the one or more processors, cause the one or more processors to 
calculate an impedance using at least one left side heart electrode. 



18. 

cause the one 
left side heart 



The cardiac stimulation device of claim 17, wherein the instructions 
or more processors to calculate the impedance using three or less 
lectrodes. 



19. The cardiac stimulation device of claim 17, wherein the at least one 
electrode comprises an electrode associated with the left atrium. 
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20. * The cardiac stimulation device of claim 17, wherein the at least one 
electrode comprises an electrode associated with the left ventricle. 

21. iThe cardiac stimulation device of claim 17, wherein the at least one 
electrode comprises multiple electrodes, at least one of which being associated 
with the left atrium. 

22. The cardiac stimulation device of claim 17, wherein the at least one 
electrode comprises multiple electrodes, at least one of which being associated 
with the left ventricle. 



23. Thej ^4 r diac stimulation device of claim 17, wherein the at least one 
electrode comtfosks-hnultiple electrodes, at least one of which being associated 
with the left/atriulpi, at least another of which being associated with the left 
ventricle. 



24. The caSrdiac stimulation device of claim 17, wherein the at least one 
electrode is only associated with the left atrium. 

25. The cardiac stimulation device of claim 17, wherein the at least one 
electrode comprises multiple electrodes only associated with the left atrium. 



26. The cardkc stimulation device of claim 17, wherein the at least one 
electrode is only associated with the left ventricle. 
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27. The 

electrode comprises 



cardiac stimulation device of claim 17, wherein the at least one 
multiple electrodes only associated with the left ventricle. 



28. Thel 
multiple leads 
leads supporting 
current and/or 



sense 



cardiac stimulation device of claim 17 further comprising 
op^rably associated with the one or more processors, each of the 
dne or more electrodes that can be used to provide an electrical 
a voltage from which the impedance can be measured. 



29. A ca -diai stimulation device comprising: 



one or mor< 
one or moire 
instructions 



oipputer-readable media; 
processors; and 

embodied on the one or more computer-readable media which, 



when executed by the one or more processors, cause the one or more processors to 



calculate an impedap 



one left side heart ek ctrode. 



ce using a multi-polar electrode configuration with at least 



30. The caidiac stimulation device of claim 29, wherein the multi-polar 



electrode configuratio 



comprises a bipolar configuration. 



31. The cardiac stimulation device of claim 29, wherein the multi-polar 
electrode configuration comprises a tripolar configuration. 



32. The cardiac stimulation device of claim 29, wherein the multi-polar 
electrode configuration comprises a quadrapolar configuration. 
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33. A method of measuring an impedance using a cardiac stimulati^r 
device comprising: 

establishing a current path between a first pair of electrodes configured for 
use internally of a patient; 

measuring a voltage between a second pair of electrode^configured for use 
internally in a patient, at least one electrode of the secoi^r pair comprising a left 
side heart electrode; and 

calculating an impedance based upon pfe established current and the 
measured voltage. 

34. The method of claim^Bj wherein the measuring a voltage comprises 



measuring a voltage where the^tyl^&st bne electrode of the second pair comprises 
an electrode associated with th^ leftwentricle. 



35. The method of claim 33, wherein the measuring a voltage comprises 
measuring a voltage/where the at least one electrode of the second pair comprises 
an electrode assooated with the left atrium. 



36. / The method of claim 33, wherein the measuring a voltage comprises 
measuring a voltage where the electrodes of the second pair of electrodes each 
comprise a left side heart electrode. 
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37. The method of claim 36, wherein the measuring a voltage comprises 
measuring a voltage where one of the left side heart electrodes comprises an 
electrode associated with the left atrium, and the other of the left ^iae heart 
electrodes comprises an electrode associated with the left ventricle. 

38. The method of claim 36, wherein the measuring^ voltage comprises 
measuring a voltage where each of the electrodes of the sepond pair are associated 
with the left atrium. 

39. The method of claim 36, wherein the measuring a voltage comprises 
measuring a voltage where each of the electees of the second pair are associated 
with the left ventricle. 




40. The method of claim'B 3, ^herein the establishing a current path and 
the measuring a voltage are/performed where the first and second pair of 
electrodes have no electrodes in common. 



41. The method of claim 40, wherein the establishing a current path and 
the measuring a/voltage are performed where each electrode of the first and 



second pair are/left side heart electrodes. 



42/ The method of claim 41, wherein the establishing a current path and 
the measuring a voltage are performed where each pair of electrodes comprises a 
left atrial electrode and a left ventricular electrode. 
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43. The method of claim 40, wherein the establishing a current path and 
the measuring a voltage are performed where the second pair of electrodes 
comprises electrodes associated with the left ventricle. / 

44. The method of claim 40 5 wherein the establishing/a current path and 
the measuring a voltage are performed where the secotfa pair of electrodes 
comprise electrodes associated with the left atrium. / 

45. The method of claim 40, wherein the establishing a current path and 
the measuring a voltage are performed whgre one electrode of the second pair 
comprises an electrode associated^wij^^^left atrium, and the other electrode of 
the second pair comprises an eleclTO(^assooiated with the left ventricle. 

46. The method of cMm 40, wherein the establishing a current path and 
the measuring a voltage ape performed where one electrode of the first pair 
comprises an electrode associated with the left ventricle, and one electrode of the 
second pair comprises/an electrode associated with the left ventricle. 

47. The method of claim 40, wherein the establishing a current path and 
the measuring a voltage are performed where one electrode of the first pair 
comprises An electrode associated with the left atrium, and one electrode of the 
second pfair comprises an electrode associated with the left atrium. 
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48. The method of claim 40, wherein the establishing a current path and 
the measuring a voltage are performed where only one electrode of the second pair 
comprises an electrode associated with the left atrium. / 

49. The method of claim 48 , wherein the establishing^ current path and 
the measuring a voltage are performed where only one electrode of the first pair 
comprises an electrode associated with the left atrium. / 

50. The method of claim 33 , wherein the establishing a current path and 
the measuring a voltage are performed ynere the first and second pair of 
electrodes share at least one common electrode. 

51. The method of claim/50, wherein the establishing a current path and 
the measuring a voltage are p^orhied where the at least one shared electrode is 
associated with the left ventricle\/ 

52. The method of claim 50, wherein the establishing a current path and 
the measuring a voltage are performed where the at least one shared electrode is 
associated with thp left atrium. 

53. /The method of claim 50, wherein the establishing a current path and 
the measunng a voltage are performed where the first and second pair share two 
common electrodes. 
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54. The method of claim 53 , wherein the establishing a current path^nd 
the measuring a voltage are performed where the two common electrodes are 
associated with the left ventricle. 

55. The method of claim 53, wherein the establishing a current path and 
the measuring a voltage are performed where one of the two common electrodes is 
associated with the left atrium, and the other of/me common electrodes is 
associated with the left ventricle. 

56. The method of claim 53, whe^in the establishing a current path and 
the measuring a voltage are performed ^vhere only one of the shared electrodes is 
associated with the left side of the hemt 

57. The method of^a\m/3 further comprising controlling stimulation 
therapy as a function of theifapedance. 

58. One or/more computer-readable media having computer-readable 
instructions thereon which, when executed by one or more processors, cause the 
processors to implement the method of claim 33. 

59. / A method of assessing a patient's cardiac condition comprising: 
establishing a current path between a first pair of electrodes configured for 

use internally in a patient; 
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measuring a voltage between a second pair of electrodes configured for use 
internally of a patient, at least one electrode of the second pair comprisin^/a left 
side heart electrode; 

calculating an impedance based upon the established current and the 
measured voltage; and 

based on the calculated impedance, determining on^br more physiological 
parameters for assessing a patient's cardiac condition. 
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60. The method of claim 59 5 wherein the determining comprises 
determining a respiration parameter. 

61. The method of claim/59, wherein the determining comprises 
determining a parameter associated/with left ventricular wall dynamics. 

62. The method y 6f\plaim 59, wherein the determining comprises 
determining a parameter associated with left ventricular volume. 

63. One or more computer-readable media having computer-readable 
instructions thereon which, when executed by one or more processors, cause the 
processors to implement the method of claim 59. 



64. One or more computer-readable media having computer-readable 
instructions thereon which, when executed by one or more processors, cause the 
processors to implement the method of claim 60. 
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65. One or more computer-readable media havmg^computer-readable 
instructions thereon which, when executed by one ^rmore processors, cause the 
processors to implement the method of clain>-6l . 

66. One or more^cJompuJer-readable media having computer-readable 
instructions thereojKwich, when executed by one or more processors, cause the 
processors toimplement the method of claim 62. 




Lee & Hayes, PLLC 



40 



0514010903 SJ1-010USP04.DOC 



